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YKyB KynnaHma «MapoTexHuKa MHLLOOTNapUHM Noiinxanall Ba Kypullaa ruapasnmvk
Ba hunbTpauma xucobnapu» ¢aHm gactypu acocuaa é€suvnraH 6ynmb, yHoa dunbTpauus
yMyMUA  Macananapu, unbTpauus HasapuacuHu U3KMK Ba MaTemMaTuK acocnapu,
rMOPOTEXHUKA WHLIOOTNApWM 3amuHugarn 6ocumnu  unbTpaumsiHu, xamga [pyHTn
TYFOHMNapAaru TypfyH Ba HOTYPFyH comnbTpaumsHn xucobnal ycynnapu 6aéH KUnmnHraH.

KynnaHma rmapoTexHuka Kypunuwm marucrtpatypa WyHanuwn Tanabanapu ydyH
MyrpkannaHraH 6ynub, yHaaH Wy coxagarn Kypunuw Ba fovmxanall TawKunoTapUHUHT
MyXaHONC-TEXHUK MyTaxaccucnapu xam organaHuunapyu MyMKUH.

MmppoTexHnka MHLWOoOoTNapu, 3aM1H Ba nongesoprap kadegpacu.
Yuama ---- xxagBan----- apabunér----

TOWKEHT apxuTekTypa Kypunuw WHCTUTYTU WIMUK-YCriybuin KeHrawm kapopwura
acocaH Halump aTungu.

Takpmsunnap: TUMMCX «['mgpoTexHMka WHLWOoOTNapu»
Kadpegpacu gou,., T.¢p.H. AHrnes A.

TAKN  «['vagpoTexHuka MHLWOoOoTNapu 3aMuMH Ba
noiaesopnap» _ kadpegpacy  pou.  T.d.H.
XycaHxogxaes Y.U.

Cys 6owm

Ywoy ykyB kynnaHma “[MapoTexHuka WHLWOOTAapuHU nouuxanaw Ba Kypuwaa
rmopaenuk Ba punbTpaums xucobnapn” daHn gactypu acocmnga €sunran 6ynmbé 5A580215
‘'mgpoTexHnka  MHWOOTNapn”  Maructpatypa TabiuM  WyHanuwu  Tanabanapwura
MyJSDKannaHraH.

V36eknctoH Pecnybrnvkacu Onuii maxnuc IX ceccusicnaa kabyn kunuHrad “Tabnum
Tyfpucuparn KoHyH” Ba “Kagpnap Tanépnaw munnuin  gactypu’ ongummara  KyrnruHa
BasupanapHu kynau. Lynap wumga aHr Myxvmun pasnat Tunuga yKyB agabuéTtnapuHm
apaTuwanp. AnHnkca ByHaam apgabuétnap maructpaTtypaga TabfvMm onaétraH tanabanap
Y4YH Xyaa 3apypavp.

Ywby kynnaHma wy daH 6ynumya spatunaétraH KynnaHMaHu OuvpuHYM  KMCMU
xncobnanagn. Kynnaiuma 4 6o6gaH wbopat 6ynub, 1-606pa dounbTpauus xucobnapuHu
Basugacu Ba axamuaTu, PUIbTpaUUSHU acoCUM KOHYHW, ounbTpauus KO3IMPULMEHTUHN
aHuKnaL ycynnapu KentupuniraH.

2-6060a hunbTpaums HasapusaCMHU OU3NK Ba MaTemaTUK acocnapu, punbTpaumsaHu
acocui TeHrnamanapu Kentupunrad. Tekucnukgarm Ba nnaHgarv punbTtpaumsi, acta-CekmH



y3rapaguraH TypfyH GocMmcu3 punbTpauma xapakaTtv acoCui TEeHrnamacu Ba yrapHU
WHTerpannaw macananapv 6aén atunrax.

3-6060a rMapoTEXHMKA WHLIOOTAApMHM 3aMmuHuaarn 6ocumnn  punbTpaumsaHu
xucobnawl ycynnapu kentupunraH. YHOa rmapoTexHuka WHLLIOOTNapu ep OCTU KOHTYpU
anemeHTnapu Ba ywoby unbTpaumsHM xMcobnaliHn rmapoTeXHUK YCYnu, yHOAH Talukapu
ywby dounbTpaumsaHn xmcobnallHm KapLmnmk KoaddunumneHTn, dparmeHTnap kabu Takpnouin
ycynnapu xam kentupunraH. byngan pynbetpaumsHu xucobnawaa rugpogmHaMmka TypuaaH
dorpganaHmw macananapu 6epunrad. Ywoy TyYpHU KypuwiHu rpadmk Ba SMOA ycynn 6aéH
STUAraH.

4-6060a rpyHTNM TYFoHNapgary TypfyH Ba HOTYpFyH dunbTpauus Ba ynapHu
xmcobnaw ycynnapu 6aéH atunraH.

Ywoy yKkyB kynnaHma wy aHgaH y3bek Ttunuga €svnraH OupuHUM  KynnaHma
OynraHnuMrn y4yyH y anpum KamuunuknapgaH Xonv amac Ba Myannud cusnapHu Taknudg Ba
MyroxasanapuHrmaHn MuHataopuunuk 6unaH kabyn kunagu. YHW ésuwpa xosvpga pyc
Tanugarv maexyq agabuwétnapaad doonganaHungu.

| BOB. SUNLTPALNA TYFPUCUOA YMYMUA MABITYMOT.

1.1. dunbTpauusa TyFpucuaa TylyH4Ya.

dunbTpauunsa CyBHUHI fOBaK MyxuTaaH cusmb ytuwmn. dunbTpauunsa kogucacu bunax
Xap Xvn rmgpoTexHuKa MHLWOOTNapUHN Nonnxanaiwja Tes-te3 yypatmd typamums.

ByHra rpaBuTauuMoH Ba [PYHTAM TYFOHMap, LWNO3nap, BakKTMHYanNuK Aambanap
(Nnepemyuykun) Kypunuw xaHgaknapu, 3ax Kouupuw Maxmyanapu Ba 6olwkanap Kupagw.
CyBHUWHI rpyHTAarn cuamnb yTuul to3acy kaHya katta bynca, cM3mnaétraH CyB OKMMW LUyHYa
KaTTa Kapwunukka ydpangu. JJoHanapyn manga rpyHTnapga gpunbtpauma o3 6ynagun. 'vnnm
FPYHTNAPHWHI OOHanapu Xxyga manga oynraHnurn yvyyH OyHaawm rpyHTnapaa unbTpaums
kaTTa 6ocum TabecupugarvHa 3 6epuiv MyMKUH.

dunbTpauusaHn ypraHvwga 6u3 CyBHM anoxuga foBaknap Ba épuknapgarm xapakaTtu
OunaH KM3avkManmms, 6anku unbTpauusHM yptada XapakTepucTUKanapuHu aHuKnanmuna.
ByHoannapra cdunbtpaums tesnurn, 6ocmm, cyB capdu Ba X. kupagu. Ywby kentupuniraH
XapakTepucTukanapH1 aHuknaw rmgpoTexHuka MHLWOOTAapUHU bunbTpauus XNCoBnHM
acocun macananapura Kmpagu.

1.2. TnapoTexHuka MHLIoOoTNapu MULTPaLUA XMCOBUHY
Makcaz Ba Basucpanapw.

MOpOTEXHWKA WHLWIOOTNapuHM  unbTpaums xmcobu  KyvaarnnapHu  aHuknail
mMakcaamaa baxapunagu;

a) N'mapoTexHuka NHWOoOoTN Tybura punbTpaumna 60CUMUHMHE TabCupu;

6) MpyHTNM rMopoTexHMKa WHLIOOTNapuaa xamga yrnapHu KUpFok OwnaH TyTawraH
KMcmnapuaa punbTpaums okMmMm genpeccus t3acu XxonaTmHi aHuKnaL;

B) PunbTpaumns cyB capuUHN aHUKNALL;

r) BeToH vHwoaT 3amuMHMaaru, rpyHTAN MHWOOT 3aMMHM Ba TaHacuaarm Ba MHLIOOTHU
KMPFOK OunaH TyTawraH kucmuaa unbTpauus OKUMKU rpagueHTn Ba TE3NUIMHM aHuKnaLl.

Xucobnawnap Hatwkacmga aHuknaHraH 6eToH MHWOoOoTra Tabcup KunaéTtraH
GunbTpauma 6GocMMK, TPYHTNIM MHLWOOTNapg4arn Aenpeccus to3acuHu xonatu  6oluka
gaktopnap 6unaH 6up kaTopoa Oy WHLWOOTAAPHMHI TYPFYHMUIMHM aHWKNawra epgam
Gepagun, xamga ynapHuM WHLIOOT TYPFYHNUIAra TabCUPUHU KamanTupyB4M Yopa-Tagbupnap
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nwnab uukmwpa dongagaHunagn. dunbTpauna capdu TyFpucMgary MabiymoTnap CyB
ombopuaga nykotunaguraH punbTpaums MUKOOPUHM Benrmnall Ba yHUM KaManTupuwl 4vopa-
Tagbvipnapyin nwnab uYmkiw yyyH 3apyp. dunbTpaums OKMMWMHWM nacTkm Obedpra €kum
APEHaX WHLIOoOTNapura YvkuwWw KucMmaarn rpagueHT Ba TesnuK TyFpycugarn MabiymoTnap
rPYHTNapHN punbTpaumara MyctaxkamnauruHu aHuknawga Ttanab kunuHagn (Yynupunuu,
cyho3usa, TyTalraH Kucmuaa tosunmL).

1.3. dunbTpaums acocun KOHyHMW.
FOBaK >XuMcmaga unbTpauus XapakaTuHW acocuin KOHyHM 1856 n. ®paHuys onumu
[apcu TOoMOHMAaH, MabiyM Y3yHNUK Ba KyHAanaHr Kecum to3acura ara OynraH Kym

HaMyHacuaaH cuanb yTaéTtraH cyB capduHM Ky3aTuUl Hatwkacuaa ypHaTunraH. KennmHyanmk
ypHatunraH matemaTtuk 6ornaHnw Japcu KoHyHun aeb atanraH.

9=K- I (1.1)

By ndogagaH kypnHnb Typnbamku, dunbTpaumsa Tesnurn 6ocum rpaguveHTura TyFpu
nponopumoHarn.

bynHoa K-gunbTpauma koacdduumeHTn, |- 6ocum rpagmeHTy, 9- unbTpaund
Te3nuru
5
- et T TF L - T
- - = = - T
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By epaa rpyHT FoBaknapu KECUM H03aCu ros TPYHT 3appadanapu t03ach mssp, OpKanu
2

CYB xapakaT Kurnmanau, KyBypHu GYTyH KeCUM to3acu = ra TEeHr.

LUyHaaH KypnHnG Typnbamnkun

OK®rop Kﬂ)aap

Y xonga cyBHU foBaknap opKanu xapakaTuHU XakUKUN Te3nuru

dunbTpaunsa Tesnurm



WyHaaH KypuHnG Typnbamkn dunbTpauunsa tesnurn aeb, 6aban 6up pUKTMB TE3NUKKA,
CyB Ha dhakaT foBaknap opkanu, 6anku kym arannaraH OyTyH to3a 6ynnab xapakaT Kunagu
neb, hapas kunMHaguraH Te3nukka anTunagu.
N-OpKanu rPYHTHU XaXMWUWA FOBAKIUIMHU Ba n’-opkanu to3agarn foBaKuK
KoadhpuumneHTnHN 6enrmnanmms;

2 06aKap - Xaxcmu <1
n=
2PYHIM - XAHCMU

n' — a)ZOB‘ <1
(0
Buara mabnymku 6up XUHCNK rpyHTRapaa  NKN', WyHAan akaH

i — a)ZOG

=n
Y, o

EKK 9= 7’1195 , KyHua  nK(0,35+0,45) WyHWUHr yuyH dunbTpaums Tesnurm 3
Xap OOUM XaKUKUI Te3NUKAAH KNYMK.
[apcu bopmynacmHmn siHa Kynmaaru KypuHuwaa €3ml MyMKUH.

O=K-w-1 (1.2)

dunbTpaumnsa KOIPPUUMEHTMHM YNYamMKn TE3NUK yndamu 6unad 6up xmn 6ynub, y
rpagnenT Ik1 TeHr 6ynraHgarv Tesnukamp.
(1.1) éxm (1.2) dpopmyna namuHap dunbTpauust xapakatura Tervwnm 6ynuo,
Mabiym Bup KynnaHuw Yerapacura ara.
Bup xuHcnn rpyHTnap (kym, waran) [apcn KOHyHM PenHonbACHM Kynmaaru
LapTMHKM BaxxapraHgarmHa KynmnaHuwmn MyMKWH.
AbHK

R=2"<4
1%

A=3+10
O6ynraHga kynnanuwm mymkuH. CyB yuyyH v=0,018 cm7cek neb kabyn kuncak, y
xonga
94<0.07+0.075 (1.3)

OyHaa 9 - unbTpauunsa Te3NUrn M/cek.
d- rpyHT 3appayanapuHu guameTpu, CM.
Arapga (1.3) wapTtu 6axapunmaca, y xonga TypOyneHT dunbtpaumsa xocun bynaam
Ba [lapcu KOHyHM Gy3unagu.
TypbyneHt unbTpaumsacmaa (1.1) dopmyna ypHura 6Gowka undonagaH
donganaHmnagu;



1

9=K- /"™ & [ =—+ " 1.4
1% (1.4)
OyHaa m- Taxpuba HaTwxkanapura kypa 6enrmnaHagun Ba YHU MWUKOOPU
1 <m <2 opanurnpa 6ynagu
2

ssw I =a3+b3 (1.5)
OyHaa a Ba b - akcnepuMeHT épaamuaa ypHatunagurad goumuin (Gepunran

FPYHT Ba CyB TemMnepartypacu y4yH) Koo ULNEHT.
Knuuk Tesnuknapga ( MKKMHYM  KUCMUHU b 92 xucobra onmaca 6ynagm) y

xonaa (1.5) ndoga Oapcu copmynacura avnaHagn. Katta tesnuknapga (GUpuHYn KNCMUHK

as xmcobra onmMacrmk MyMKUH).
IK b 92
Ba KBagpaTuK kapmnnuk obnactura xxasob 6epagu.

1.4 dunbTpauusa KoaMULMEHTUHM aHKNALL yCynnapw.

dunbTpaumnsa KO3IMDULNEHTUHN aHUKIALLHWHT y4Ta YCYnn MaBXyAa;
1. NaGopaTtopus ycynw.

2. Xycobui (Hasapuii) ycyn.

3. Oana ycynw.

1.4.1 JTabopaTopus ycynu.

NabopaTopusana Ky aHuknaw yyyH anoxuaa Hapcv acbobupaH donganaHnnaan.
(1.1-pacm).

YHra kypa

Qkvrt

1.1-pacm.



V- yNYoB nguwiga t  BakTAa UMFUNTaH CyB XaxXmu
(1.2) ndpopanaH

k=9
@

-1
2

a):ﬂ'D : ]:h_; h,=H, —H,
4

~

Taxpubaga O,h, Ba AT ynyab cdomnbTpaunsa KO3IMPULNEHTUHMN aHUKNANMUS.

1.4.2 Xucobnaw ycynw.

Apabvétnapga xap xun aBTopnap TOMOHMAAH TaBCUS KUMMHIAH 3MMAUPUK
dopmynanap 6epunraH. YnapgaH anpumnapuHun Kentmpamms;

1. Kyn xuHcnu Kymnap ydyH Xe3eH kKyiuaaru ndpoaaHu TaBcust kKunaau;
2
K=A4-C-t-d; (1.6)
OyHaa A - «K» HM ynyamunHmn xucobra onyByYm KO3 ULNEHT.
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Arap K wmfcyT ga ynyaHca, y xonga Akl. C - KyMHW runnu 3appadanap
TOMOHMAAH udpriocnanmw (Tynmnb konuwmn) gapaxacura 6ofnvk koadduumeHT (MdnocnaHnLL
Aapaxacu owraHu capu C kamasian).

Ck500-1000

T -cyBHM xapopaTuHU y3rapulLmHu xucobra onuw. T k0.70K0.03t

do-rpyHT 3appavanapu guametTpu MM, digo.

2. BornaHmaraH rpyHTnap y4yH M.M.Maenuy dpopmynacu

4K n’
_ " “opopu 5 2 8
qu— SR > dyy = (1.7)
v (1-n) 10
OyHaa Kipopm K1 KyMnun Ba warannu rpyHtnap ydyH Ba 0,35-0,4 webeHnn
rPYHTNAp YYyH. V -CYyBHU KMHEMAaTUK EMNULLIKOKMUIN (0,15-10'5 M2FC xapopat 15° C

6ynranga); di;- rpyHT Tapkubuparm 17% 3appadvanap (ofmpnvk 6ynMuya) yndamu wy
AvameTpaaH Knyuk 6ynraH guametp.

, N-Kyn >XUHCAMNWUK KO3IPMUUNEHTU; N-FOBAKMWK; Q-3PKMH TyWWLW  Te3naHWuLu
MFC”.

3. bofnaHraH rpyHTnap y4yH B.H.XKuneHkoB dopmynacu

K¢:4-10_“-exp £
0,17E, —0,048

Oy eppa: E-rpyHTHW fOBaKMWK KOIMPUUMEHTW;  Er- rPpyHTHM HaMMMrn OKuL
Yyerapacuga éynraHgarn FoBaknuk KOauUneHTH.

(1.8)

<lmm
E, =1,067 =y
Yo
6yHaa 1,06 - rpyHTAA XaBO OYNULLMHM XpMcoGra onuLu Via < Lyvim -AvameTpu
d<l MM rpyHT 3appadanapuHui COnULITUPMA OFUPNUIK, YyHKM d<1l MM 3appadanap runnm
rPYHT Tapkmbunga W+rBa W, aHuknawga donganaHunagu.

(1.8) ndbogagaH honganaHul MyMKWUH, arapga rmnnm rpyHtra d<lmm 3appadanap MykKaopwm
35-40% Tawkun Kunca. AKc xonga manga 3appadanap  d>1 MM kKanTa 3appadanap xocun
KWInraH foBaknapHu Tyna Tynampuwl y4yH eTMacnurn MymkuH. Y xonga (1.8) anmknadrad Ky
MUKOOPY nacannd ketaaw.
1.4.3 [ana ycynu.
By ycyn Tyna paBuwga NHXeHepnuk reonormsacu Kypcuaa ypraHmnagu.

Hasopart yuyH caBonnap

dunbTpauuns xucobnapuHMHr Makcag Ba Basundanap?

dunbTpaunaHM acocum KOHyHN?

[apcn KOHYHUHM KynnaHuLw YyerapacuHn dunacmsammn?

dunbTpaumnsa KOIMMULEHTUHM aHUKNALIHN KaHaan ycynnapuHm bunacms?
dunbTpaumnsa KoahduUEeHTUHN TaxxpnbaxoHaaa KaHaanm aHuknaHagn?

arwnE



2. BOB. ®UNBbTPALMA HASAPUACUHUHI UK
BA MATEMATUK ACOCINAPW.

2.1. dunbTpauusaHM acocuii TeHrnamanapu.

dunbTpauusiHM acocuin TeHrnamanapu rmapasnvka Kypcnapuga ypraHuimwmHu
xpucobra onmb yHu kenTnpmnb YnkapuwHn 6y epaa KenTupmanmmna.

WyHoan kunmb ofup CUKMNManauraH CYHKIUKHU HOTYPFYH ounbTpaumsa xapakatu
acocui gudbdepeHuman TeHrnamacu Kymmaarm KypuHuwra ara.(1).

ldlg)‘+%+lFx:O

g dt ox g¢q

d9 (2.1)
1 y+%+le:O

qg dt o q

ld'gtz+%+le:0

g dt 0z q

J

09. 09, 09
+ + = (2.2)
ox oy oz

By TeHrnamanappga rgx,rgy,'gz unbTpauus Te3NUIMHM KOOpAMHATA YKrnapuaaru
npoeKkuusicu

P
h=z+ ; - Mbe3oMeTprK 6ocuM (2.3)
P-6ocuMm; y - CyIOKIMMKHWU CONULITUPMA OFUPNUIK; t- BaKT, Fx,

Fy, F; —CYIOKMUKHWUHI OMpnuk maccacura TYFpU KenraH Kaplunuk KyYnHW KoopavHaTta
yknapuaarm npoekunsicu; g-apknH TyLUMLLI TE€3MaHULLIN.

(2.1) TeHrnama gunbTpauMs OKMMMZA aXpaTumnraH CyHKMMKHWU GUpnUK maccacura
TabCUp KUNaétraH xamMma KyuYnapHUHr AMHaMWK MyBO3aHaTMHM udpopa atagu. BupuHum



ndoaa WHEpPUUS KyurnapuHW, WKKMHYM — OFUPIMK KyYNapuHWU, YYMHYUMCK unbTpauus
oKMMUAA rTMAPOANHAMMK KapLUUIUK KyYrapuHu ndoaa ataaw.
(2.2) teHrnama aca punbTPaLUMA OKUMUHW Y3NYKCU3MUK TEHINAaMacu aenunaau.
Arap Kapwwunuk Kyunapu kyivpgarnya udodanaHuwn MyMKUHIMIMHW - Xmucobra
orcak;

_ 4
F = K 4 (2.4)
y xonga (2.1) TeHrnama Kynugarm KypuHuwra ara 6ynagu.

1d9. oh O
— +—4+—=

0
g d ox K
1@4_%4_&:0 (2.5)
q dt oy K
1d8 oh &
——+—+—=0
g dt o0z K
TypfyH punbTpaunsga
9;—1{%; 9y=—K%; 9, =—K?; (2.6)
X z

by TeHrnamanap 1988 nunn H.E.2KykoBCKMW TOMOHWOAH KENTUPUITaH.
Y3nykcusnuk TeHrnamacu (2.2) Ba (2.6) TeHrnamagaH wy kenub yukagmkm, 6ocum h
(2.3) Jlannac TeHrnamacuHu kaHoaTnaHTMpaau,

2 2 2
0°h 0O°h 8h:0

+—+
ot oyt o 2.7)

Ba hunbTpauua obnactuaarn rapMoHuK yHKUMS xucobnaHagun. (2.6) TeHrnamagaH
GunbTpauna Tes3nNurn NoTeHumanra ara Ba unbTpauusa Te3nurn noteHumanu aeb atanagw;

@ =—Kh (2.8)

rnbTpauns TE3NUMMHM NPOEKLMACU

8(0 8(0 8§0
9= 9 0. 9 -9
Yooox Y oy Oz (2.9)

(2.7) Ba (2.9) TeHrnamanapaaH Kyinmaaru kenué Ymkaau;
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2 2 2
6z)+8g20+8g20:0
Ox ay Oz (2.10)

dunbTpauus ymymmn macananapura HoTypFyH dounbTpaums xonatmga (2.5) sa (2.2)
TeHrnamanapuHm bupranukga uHTerpannaw, TypFyH punbTpaums xonatmaa aca (2.7) éku
(2.9) TeHrnmamanapuHu wuHTErpannaw kupagu. WHTerpannaw Hatwkacmga HOTYPFyH
dunbTpaumnaga Kkynmgarn yHKUNa Tonunaau;

h=£f(X, Y, z, 1)

TYPFYH ounbTpaumsaga aca h=f(x,y, z) dyHKUMSCH.

By dyHKkumnanapra goummin knnmatHn 6epmb Ba xmcobnab cupT (103a) TeHrnamacuHu
XOCUI KNnamms;

f(x,y, z) = const (2.12)

Oy TeHr 6ocnmnap r3acu ékn aKBUNoTeHUMan 3acu xucobnaHagu.

2.2. Tekucnukgarn TypFyH punbTpaums.

KynrmHa  xonnapga  dunbTpaums  OKMMWHM  XaMMma  XapakTepucTukanapu
(dbunbTpauua Tesnuru, BocuMM Ba X.) UKKATA KoopAMHaTaHU dyHKUMSCK xucobnaHagwn.
ByHaoan punbTpaums mekucnukdaau unbmpayusi genvnagu.

byHoan punbTpaumsga (2,6) kypmgarm KYpUHULLHA onagw.

oh oh
ng :_Ka’ '9)’ __Ka’ (2.12)
Y3MYKCU3MKWK TEHIMamMacu Kynuaarnya
09
0. 9% g
ox oy

yHOa lgx Ba 19y (2.12) 6ynmya ncdopanad

O’'h  h _,
axz + ayz - (2.13)
Te3nuK NnoTeHunanu TywyH4yacugaH ongananmb (2.8) TeHrnamaga
o o
do=—=5 8,=""; (2.14)

Yoo T oy
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xamga

ngo (’92(p 0
8x2 8y N (2.15)
(2.13) TeHrnamaHu nHTerpannat Hatwxacuga h=£(x,y) dyHKUMsICUra ara

6ynamuna. By yHKumMsaHM f(X, y)=const neb TeHr 6ocumnap YM3UFUHN TEHTNIaMacUHN XOCUI
KMnamma.

2.3. NMnaHparn puneTpayms.
byHoan duneTpauus kKynugarn xonga, SbHA uabTpauus OKMMWHK BepTukan

ynyamnapu yHW ropusoHTan ynyamnapura HucbataH kuyuk 6ynraHga o3 6epagu. (2.1-
pacm).

v,
#
3 ,
N
S
i

T
- o ¥
_,-"'r - | - - : f‘._-
2.1-pacwm. MNnangarn punetpayms.
TypfyH nnaHnn ounbTpauma TeHrnamacu
2 2
99 99 _,
aXZ ay (2.16)
Bocvmnu comnbTpauus yyuyH
T
@ = j K(z — h)dz o1
0

Bocrmcns punbTpaums ydyH

12



h
@ = [ K(z—h)dz (2.18)
0

@ Hn kAMaTura kypa 60cuMHM Ekn vykypnurm h Hu kunmatmum (2.17) Ba (2.18)
dorganaHmb Tonuw MyMKUH.

2.4  Acrta ysrapaguraH TypfyH 60cMMmcns punbTpaums xapakaTu.
24.1 ["PYHT cyBnapuHUHT GUPTEKMUC XapakaTu.

Kynungaru 2.2-pacmparn Tekuc xapakatHu Kypmb unkannuk. byngan xapakataa rpyHTt
cyBnapu xonatunga 6ocum Te3nNUrMHn xmucobra onnuHManau, WyHWHr yd4yH 6ocum vnsusm E-E
Ba Ne3oMeTpuk 4mnaunk P-P, 3pknH t03a n 6unaH moc kenuwun kepak. OKUMHM 3PKUH to3acu
Gup Teknc xapakatga okum Tyom D-D ra napannen 6ynagm WyHWUHT y4yH

JKJeKi (2.19)

y xonga Japcu popmynacuHu Kynnagarnda €3ml MyMKUH.

UKK-i (2.20)
ékn Qrw-K-i (2.21)

TEKUCIMKAArM macarna yvyH conuitupma capd
q=Q0/b=h,-K-i (2.21)

yHOa TEeKUC xapakaTaa OKMM YyKypJnrm

hy =—- 6ynaau. (2.22)
(2.22) TeHrnama Tekucnmkgarm 60CMMcK3 TEKUC xapakaT TeHrna-macu genvnagu.
2.4.2. [pyHT CyBNapUHUHI acTa-CekuH y3rapaguraH 6ocumMmcu3 xapakaTtu
acocum TeHrnamacu (Qronon opmynacn).
Kynmpgarn 2.3-pacmpga OyHOam xapakaT KenTUpunraH yHra kKypa ukkuta 6up-6upura
AKMH  Macodaga xovnawraH kecum Genrmnanmns (1-1, 2-2) ynap opacugarn macoda ds
6up xun geb Ba bocumnapun H; BaH,  aeb

-dHKHl-Hz

AiTUnraHnapaaH mMabiyMKU rmapaBnuk HAWAGNMK KMiMaTn GepurraH KecUm to3acuHm
XaMMa HykTanapuaa oup Xvn Ba 3pKUH t03a HULLIAGNUIMra TeHr

dH

J = - = const  (kecum t03acu yuyH)(2.23)

Oy epaa (-) mwopacu dH maHdpun (6ocum H, S yHanuwm Bynnya kamasgm).
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WyHaoan kunub acTta-cekvH y3rapaguraH xapakatga unbTpauus Tesnurm U
GepunraH KECUMHM xamMa HyKTanapvaa yptada Te3nuk 9 ra TeHr

dH
=9=—K—
u T (2.24)

By ndoaa Aronou popmynacu penvnagn. Y Kynmaarmyda 6epunraH BepTukan Kecum
t0o3acnga ypraya Tesnuk $ Wy Kecumaarm 3pKuH t03a HUWAabnuMruHn dunbtTpaums
KO3 uUMEHTUra KynanTupunraHura TeHr.

Hapcu popmynacuumn Jionton popmynacu 6unaH agawtmpmb Kynuw Kepak amac.

Hapcu dopmynacu 6usra unbTpauma obnactMHmM uctaraH Hyktacuga punbtTpaums
Te3NUrMHKU (acta-CeknH xapakaTtMmu, bupaaHuramm) advknangn. @opmyna [dionton aca 6usra
TEKUC BepTUKan KecuMm to3acuga acrta-cekmH 6ocmmcuna xapakat OynranHgarn yprada Tesnuk
MUKOOPWUHN aHuKnNab 6epaan.

2.2-2.3 pacwm.
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2.4.3. HoTekuc acta-cekuH yarapaguraH rpyHT
cyBrnapuHu gudpdepeHumnan TeHrnamacu.

byHoan xapakatga i>0 (2.4-pacm) 6ynraHga apKkuH 103a HAWAGNUrMHu nkknta ndoaa
BunaH KenTUpULW MyMKMH, OYUK y3aHnapaarn HOTEKMC xpakaT popmynacuaaH Ba (2.23) aaH

dh dH
J=i——. J=—"+
s’ ds
OyHoa: i -y3aH Tyom Huwabnurm wynapHu xucobra onnd diontom doomynacmHm
Kynngarnda €3m MyMKWH.

dh

I=K(@i—-—) 2.25

ds (2.25)

OyHaa:  h - kypunaétraH kecumaarun cyB YyKypIivru;
$- Wy Kecumagarm yptadya Tesnuk.
YpTaya Te3nukHun bunrad xonga Q HW aHuknaw gpopmMmynacuHm ndoganamnmmns.

dh
—w-9=w-Ki-=
O=w - K(i ds) (2.26)

Ywoy TeHrnama 6u3 nanaétran gudpdepeHumnan TeHrnamagup.
ConuwTtupma cyB capgu

dh
=h-K(i——
q ( ds) (2.27)
ik0 6ynraHga (2.4- pacwm)
dh
=—Kh—
q Js (2.28)

15



2.4.3. AcTa-CekvH y3rapaguraH rpyHT cyBrapu xapakaTtu anddepeHuman
TEeHrnaMacuHn nHTerpannaL.

1. i>0 conuwTnpma capc Hopman 4ykypnuk hg opkanu (2.20) popmynara kypa
ncoganaHwm MyMK1H
akKhoi (2.29)

g HY (2.27) kynnb kynmaarura ara 6ynamms

Khi= Kh(i—@] (2.30)

ds
Ywoy (2.30) udomaH KypuHu® Typmbamkm OyHaoa dunbTpaumsa KOIDULMEHTU
Knckapub ketagu Ba Kymmaarn ugoga xocun dynaaw.

.. dh
hol = h(z _Ej (2.31)

e hy, i h, dS h, i 'h, dS (2.32)
Mabnym 6enrmnawunapHu Kupmutmd
L
e n (2.33)
(2.32) ypHura kynmgarura ara 6ynamms
1 dn
l=n—=-hyn—: 2.34
n ; oll S (2.34)
ids' n
.. - _ d
EKkn h, 7—1 n (2.35)
Ywoy TeHrnamaHn okumHun 1-1 kecummgaH 2-2 kecumurada uHterpannab (2.4-
pacm)
it % on
—=|——dn 2.36
hy ,'!: n-1 ( )
il n, —1
&Kk —=1, = +h=— 2.37
hy n -1 (2:37)
m= s, s
6ynaa 'h B m B =0y TR

f{—1-1 Ba 2-2 Kecumnap opacugarn macodga h; Ba hp-moc pasuwpga 1-1 Ba 2-2
KecumMmnapgarum YyKypIrivk.
Hatypan noropudaaH yHnu norapudra ytmé kynmgarmHum Xocun kunamma

16



i/ -1

—=n,—n +23lg e

ho m -1

Ywoy ndoga genpeccusa arpu umsminHn 6enrunangun. Y Hoad dorganaHmb oumk
y3aHnapaarv kabv macananapHu e4nil MyMKUH.

IKO (2.28) ndpogaHn Kynmaarm KypuHuLra Kentmpamm3a

%ds = —hdh (2.39)

(2.38)

Yw6y TeHrnamanu 1-1 kecumaaH 2-2 opnusmaa nHterpannab Kkynngarn dopmynara
6ynamus
2 2
q _h—h

2. 1kO E = 7 (2.40)

(2.40) Tenrnama [iokion TeHrnamacu gevwvnagu. by époamunpa genpeccusa arpu
YN3UFU XONaTMHM Ba bmnbTpaumns capuHn OCOHIMHA TONULL MYMKWUH.
by ndopanaH genpeccusa arpy YM3uFn XonaTuHM Kynmaarnda aHuKnanmMmas.

X
h= \/hzz +(h{ - hzz)z (2.41)

(2.41) kypuHUG TYpMnbaMKK, ByHAa hrnbTpaumnsa Ko3MOULNEHTN UWITUPOK STMASNTMU.

ByHOoaH Tawkapu Kyivgarn Myxum  axamuaTra ara 6ynraH XynocaHu kentupub
YMKapULL MYMKWH.

Bup >xuHcnu TyFoHNapga genpeccus arpu umsmnin K HM mukgopura Gofnmk amac,
SABHU TPYHTHW YTKa3yBYaHNVK aapaxacura. bepunrad h;  Ba h; kunmatnapuaa genpeccus
arpu unsmen  xonatn (M-N) KkKym Ba rmn ydyH 6up xun 6ynagu. (2.5-pacm). (2.30) ra kypa
dunbTpaumna koaguumeHtTura punbTpauma cappu 60fnuK. YHU Mukgopu dunbTpaums
MuKgopura TyFpu NnponopLmoHan.

2,4-2,5
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Hasopart y4yH caBonnap

HoTypfyH comnbTpaumsa xapakatm acocun gudpdepennan TeHrnamacm?
Tekucnukgaru TypFyH dounbTpauna geraHaa HUMaHu TylyHacus?

MnaHgarn ounbTpauns geb HMmara antmnagn?

Tekncnukgarn 60CMMCK3 TEKUC xapakaT TeHrnaMmacu kaHgam npoganaHagn?
Oionton oopmynacuHm TylyHTUprG 6epuHr?

HoTteknc acta-cekumH y3rapaguraH TrpyHT cyBnapuHu  audpdepeHuman
TEHrnamMacuHu TyLWyHTUpUG B6epuHr?

AcTa-cekvH y3rapaguraH rpyHT cyBnapu xapakatu guddepeHunan TeHrrnamacu
KaHOan uHterpannaHagm?

[enpeccus arpy YN3nFnHM xonaTtn unbTpaunsa koddduumeHTura 6oFNMKMn?
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3 BOB. TMAPOTEXHUKA NHWOOTITIAPY SAMUHWOA BEOCUMITA
PUNTBTPALUNAHN XNCOBJTALL YCYINAPW.

3.1 rI/I,D,pOTeXHI/IKa MHLLOOTNapun ep OCTU KOHTYPU 3r1eMeHTIapu.

'MaopoTexHnka WHWOOTNapM onguga xocun OynraH 6ocuMm  HaTuKacuga yHU
3aMuHMga unbTpaumMss OKMMKM Xxapakatu 3 Oepagu. byHoan dunbTpaums 6ocumnu
xucobnaHaam, YyHKN yHU toKopu Yerapacugarm 6ocmm atmoccepa 6bocmmura TeHr amac.

MHWOOTHM ep oCcTn KOHTYpU aeb noTbeT ep OCTM KOHTYPUHM 3aMUH FPYyHT OunaH
TyTawraH kmcmura antunagum (3.1-pacm). dnwbeT noHyp, TYFOH TaHacu, CyB ypunmMa Ba
pucbepmagaH nbopart 6ynagn. Ep oCTM KOHTYpWU Y3YHIUMMHU OLUMPULL YYYH TYFOH TyGuaa
BepTMKan dunbTpaumsara Kapwm Kypunmanap - WNyHT, napga, guwadparma Ba Tuw
Kypunagu. LLInyHT kaTopnapuga CcyB TYCUK KaTNaMUHK XXOMnawuw Yykypnaurmra Kkypa, ocunmb
TYpyBYM €KUM CyB TYCUK KaTnamurada etmd 6opraH 6ynuwm mymkuH. LLUNyHT érouaaH, Temup-
GeToHOaH ékn MeTangaH 6ynumn MyMKuH.

dunbTpauns OKMMUMHM MHWOOT Tybmaa yHu wokopu bGbedgaH nactkm Obedoura
XapakaTtu HaTuxkacuga 3 6epyBun 6ocnm unbTpauunsa Teckapu 6ocumm Ba myannak Tytmb
TypyBYM 6ocmmMra 6ynvHaaw.

dunbTpauua xucobnapu HaTMxXacuga MWHWOOT €ep OCTU KOHTYPU TOpuU3oHTan
KMcMnapura tTabcup kunaétraH dounbTpauus 6ocumu, unbTpaums capdu, rpagneHTn ea
Te3nurn aHuknaHagu. Xamma 6y napameTtpnap rMapoTexHWKa MHLIOOTU Ba YHU 3aMUHUHM
TYPFYHIUIMHA TEKLWIMPULL, XaMmaa unbTpauus OKUMUHU RYKOTUNULLIN MUKOOPUHW aHUKNaLl
YYYH Kepak.
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ByHOoan unbTpauMsHM €4YMWHW  aHUK TMApPOMExXaHuK Ba Takpubuin ycynnapu

MaBXyq.

3.2. T'ngpoTexHuka nHwoaTnapu sammHmgarn 6ocumnm
unbTpaunaHn xnucobnalHn rmagpoMexaHuK yCcynw.

Bocumnu  cunbTpaumaHn xucobnawHuHr aHuk ycynura H.H.[MaBnosckuin acoc

conau. Kynnaa wyHaan ycynga xucobnaHraH aipum ep oCTU KOHTYPUHW coafa cxemanapw
KenTUpumnraH.

1. Yekcns kanuHnukaoarm cys yTkasyBuM 3aMUHMapAa CyB yTkasMamaurad LUnyHTAu

ep ocTu KoHTypu (3.2-a pacm. MaBnosckuin Bynnya).

|.|JI'IyHT nacTKn Yerapacumgarun 6ocum

1 %
h = H —arcsin —
. S (8.1)
LnyHT tokopu (ona) kuemuaarn 6ocum
h —H(l—larcsinl)
jn g O<y<s (3.2)

FOkopu 6bed TybnaaH cnsmnb ytaétraH punbTpaumsi cyB capgm
1 X
O=K, -H—arch(——) —0<x<0 (3.3)
T S

nacTtku 6bedora hunbTpaumna YNKULW TE3NUTK

11
9, =K, H—

——  0<x<w (3.4)
T \s? 4+ x?

2. YeknaHraH KanuvHnuMkoarM cys yTkasyBuM 3amuHnapga 6utta cyB yTkasmanguraH
LWINYHTAM ep ocTu KoHTypw ([NaBnosckui bynuya, 3.2-6 pacm).

LLInyHT KkMpFoknapuaarm 6ocnm

h:

H
—<1+—F| arcsin x A
> X (3.5)
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0<y<s A=sinZ.2
Y 6yHaa (2 T)

6y epaga nmoc umwuopacu WnNyHTHU HKOPpU KMCMUra MUHYC mopacu 3cCa LWNMYyHTHU
nactku kmcmuagarm 6ocmmra Termwnu.

TyFOH 3amMuHMaary punbTpaumsa capuHm Tyna MUKgopu

0=K, H

KV

2K

(3.6)

K Ba K’-6upuHun Typgarm Tyna annenTuk MHTerpan Moc pasuliga mMoayn A

2 o .
Ba A'=+1—x" 6ynranaa nactkn 6bedra YikaéTraH UNbTPaLMSHN TE3NUMM

H

'9y :qu ?P

(3.7)

Oy epoa P mukgopm SfT Ba XfT 6ofnuk 6ynran 3.1 xagBangaH onuHaguraH

dyHKUNS
3.1 xkagBan
P HuHr xfT ra 6ofnuk 6ynraHgarn mukgopm
SfT
0 0,2 0,4 0,6 0,8 1 2 3

0.1 3.200 | 1.390 | 0.724 | 0.455 | 0.308 | 0.216 | 0.043 | 0.008
0.2 1.600 | 1.047 | 0.662 | 0.431 | 0.298 | 0.210 | 0.042 | 0.008
0.3 1.075 | 0.860 | 0.586 | 0.403 | 0.283 | 0.203 | 0.040 | 0.008
0.4 0.810 | 0.687 0.511 | 0.377 | 0.263 | 0.192 | 0.039 | 0.008
0.5 0.640 | 0.554 | 0.432 | 0.334 | 0.237 | 0.180 | 0.037 | 0.008
0.6 0.488 | 0.450 | 0.330 | 0.250 | 0.210 | 0.165 | 0.035 | 0.008
0.7 0.394 | 0.355 | 0.280 | 0.230 | 0.188 | 0.144 | 0.031 | 0.008
0.8 0.316 | 0.290 | 0.245 | 0.200 | 0.164 | 0.125 | 0.027 | 0.008
0.9 0.243 | 0.240 | 0.228 | 0.190 | 0.144 | 0.100 | 0.020 | 0.008
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3. Uekcua kanvHnukgary cyB yTkadyBYM 3aMUHNApAari WnyHTcn3 Tekmuc donoTtoeT

X
(3.3-a pacm). dnoTbeT TYyGMaarn 6ocMm Ba TE3NMK h=H ;arccos Z ;
(3.8)

11
9, =K,H—

—. _/<x<
A

3,1
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3,2-3,3

23



tOkopu 6bed Tybugarm punbTpaunsa capgm
S (3.9)

nactkm 6bed Tybrnaarn unbTpaums OKUMUHM YUKULL TE3NUIU

11
9, =K, H—

ﬁﬁ; (<x<o (3.10)

4. YeknaHraH kanvHNuMKOary cyB YTKasyB4uM 3aMUHNapAa LUNYHTCU3 Tekuc croTbeT
(3.3-6 pacm)

dntoTbeT TYBUaarn 6ocmm

2| K th(” fj' —(<x<+l (311)
2

T !
6yH/:1a ﬂ = th(E . ?)

dnoTbeT TYOMaarn dunbTpauna capuHn Tyna Mukgopu

KV
=K, -H 3.12
Q=K -H-> (3.12)
MacTkm 6Gbedaarn puUnbTPaLUSa OKUMUHWN YUKULL TE3MUTU
ﬂch[;[ . ]{j
9, =K, -HX (<x<0 (3.13)

AKT sl = XY g 7 X1
2T 2T
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3.3. dunbTpauusa xmcobnapuHHr Takpubuim ycynnapu.

Bocvmnu unbTpaumsaHn xucobnallHUHE Kynuagarn Takpubuin ycynnapu MasXya.
YnapgaH anpumMnapuHun kentmpamms.

3.3.1. Kapwunuk koapumumneHTn ycynn.
By ycyn P.P.YyraeB TOmMOHMAaH Taknud kunuHraH 6ynmb yHra kypa WKKu,yd Ba
YHAQH OpPTUK LUNyHTNapra ara 6ynraH nioTOeTnapHMHI OCTKM KOHTYpUra OKUMHUHI TabCcup
KANUW  Kydn aHuknaHagn. byHoa ¢noTOeTHUMHr OoCcT KOHTypu, onauHaaH 3.4 pacmaa
KypcaTunraHgek, anpum BepTukan Ba ropusoHTan yyactkanapra 6ynuHaau. by yyactkanap
(anemeHTNap)HW y4 TMNra 6ynu MyMKUH.

1. Knpuwl €ku yukuw anemeHtnapu. YmMymaH, 1-n-2 kupuwl Ba 5-mi-6 4mkmwl
WNyHTNap4aH, WnyHT  BynmMaraH Baktnapga aca 1-mka

Ba 1, —6 = a, ynknkaaH nbopat 6ynaam.
2) Nukmn anemeHT. YMyMmaH 3-6-4 BepTuKan WNyHTAAH Ba LWNYHT GynmMarad xonnapaa

(s1k0) 3-4=q, BepTUKan YnkukgaH néopat Gynagu.

3) ®noT6ET OCT KOHTYPUHWUHI FOPU3OHTar 3MeMeHTn 2-3= fl 4-5262
y4yacTtkagaH nbopar.
BocvMm rioTOETHUHT OCT KOHTYpWM Oynnab, TyFpu 4YM3UK KOHYHWUra acocaH CyHub

Gopagn 0eb xucobnaw MyMKMH. Xap Kamcu anemeHTna OOCUMMHWHI NYKONMULLK Kyhmaaru
dopmyna bunaHudoganaHagu.

hi:§i°

% (3.14)
OyHaa:
g- punbTpaums capdu;
K- dpunbTpaums koadpnumeHTy;

f,- - NEMEHTHUHT KapLUMNK KO3DDULIMEHTW.

MHwooTra Tabcup kunaguraH ymymmn 6ocuMM  ep OCTU  KOHTypgarm 6Gapua
anemMeHTnapaa nykonraH 60cMMnapHUHT IMFUHAMCUTA TEHT.

q
H=— .
X Zfl (3.15)

OyHaa
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Zé - KapLWWnK KO3 dUUNEHTU NNFUHANCK toKopuaarn ndgogagaHx
q H

K Xé

Oynagun. Xap Kancm anemeHTaa nykonaguraH 6ocum Kynmagarnya aHuknaHagw.
h=gL=g <
i T 9 T 90 (3.16)
K 72

KapLUMNUK KO ULNEHTNaPUHUHT NUFUHOMUCK

Zé =S +E+E +E+E (3.17)

BbyHaa
fK Ba 652 -ep ocTn KOHTYPWUHWHT KMpuLL Ba YNKNLL
ANEeMEHTSTaPUHUHI KapLUUITMK KO3dbpuumeHTnapu.
fm -NYKN YUKUKHUHE KapLUUANK KO3 ULNEHTH arapga WnyHT
oynmaca  (s:1k0), Kapwunuk KO3 dUUMEHTH ego
anvaLwTMpunaau.

52,52 -MHWOOT  PnOTOETUHMHT  ep OCTU  KOHTYpU  TOpPU3OHTan
yyacTKanapHUHI KapLunuk KoaddpuumneTtnapu.

MHWwooT dnoTbeTn Knpuw Ba YMKULL KACMIAPWUHUHI WAaKN xamga yndamnapu éup

xun éynca fK K§2 oynaaw.

Kapwunuk KoahmUuUeHTNapuHHIT  KMAMaTtnapu rmapoMexaHuka acocuga xan
KUNUHraH Tanép aHanutuk ndoganap épgamm 6unaH Tonunagw.

1. N4kn anemMeHT MYkM WnyHTU (3-6-4)HUHr Kapwunimk Ko3adpuumeHTmn (fm) Ba

NYKN YUKUKHUHT KapLLMITUK KO3 DULIMEHTM
Kyvvaarmya Tonunagw.

~

0<2<10  0<-1<08
7"1 Ba T2
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0.5?

a S

- £ = Fl +1.5-1+ z

ynraHga S
2 2 1-0.751L
Tz
ndogacu 6unaH aHuknaHaaw.
ByHaa Q| - KOHTYP UYKM YMKUKHWUHT KaTTanuru;

TiBaT,-pnoTbET KOHTYPUHWUHI TOPU3OHTaN Yy4vacTtkanapura
CyBTYCap KaTflaMHUHT XXOMNaLUULLN HYYKYPIUTK;
S1- MKW LUNYHTHUHT Y3YHIUTW.
Arap wnyHT nyK (s1k0) 6ynub, ymkuk 6utta 6ynca;

_4
So T

Arap wnyHT 60p 6ynnb vnknk nyk (a, =0) Ba T1KToKT 6Gynca;

O.Si
A} T
£ =150

1-0.755 (3.20)
T

oynagw.
2. Knpuiw Ba 4mkuLl anemMeHTnapu.
Arap WwnyHT KokurraH éynca, aneMeHTnap KapLuimk KoagpuuneHTuy;

Sk kS, =6, + 0,44

ButTarmHa octoHa Bynub wnyHT KokunraH (s1k0) 6ynca;
éK Ké:q - §O + 0944

3. FopusoHTan anemeHTNap S; Ba S;  LINyHTNap opanufugary macoda

(3.18)

HucbaTaH

(3.19)

(3.21)

(3.22)

l

o6ynraHaa; 14 >0.5(s1KS2) 6Yynnb, cyBTycap KaTnaMHUHI Xonnawuw vyykypnurm T

oynca;

4 =0,5(s, +5,)

S
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0<0,5(s,+5,) 6ynca, & =0 6ynagu. CyeTycap kaTnam >yaa uykypaa

XonnawraH 6ynca, XakMkmm 4ykypnmk T ypHUra xucobmin yykypnuk Ty kabyn
KMnNnHagn. YHU kmamaTtu kynmaarm 3.2 xagsangaH onvHaaw.

3.2 *aaBan
0,/8, >5 5-34 3.4-1 <1.0
Ty 0.5¢, 2.5S0 0.8S, +0.5¢, S, +0.3¢,

Arapaa xakukum 4ykypnuk T<Ty 6ynca, kapwunuk koadduumeHntTnapHn xucobnawl
yuyyH T, T>Tx GynraHnga aca, Ty kabyn
KUIMHULLN KepakK.

Xap kancu ydqactkagarm 60CMMHUHT nykonuwn (3.16) 6unax Tonunagu sa
GnoThEeTra OKMMHUHT TabCUP STULL 3NOPACcK YnN3nnagu.
(3.4-pacm).

3.3.2 Akagemuk H.H.[NaBnOBCKUNHWHT dhparMeHTnap ycynu.

Bocvmnu  unbTpauma MacananapvHu eduwpga [laBnoBckurM TaBCUs  KUNrad
doparMeHTniap yCyriMHM ep OCTU KOHTYPUHUHI Xap KaHgaw CXemacu Yy4yH CyB YTKasyBYu
Katnam 4ykypnumrn deknaHraH OynraHga, SbHU YHU YYKYPAUIM QHM KUYKMHA  LUMNYHTHW
yykypnurngad 5-10 mapTta opTuk 6ynmaraH xonat y4yH Kynnail MyMKUH.

By ycyn 6unaHn xucobnawaa cdovnetpauusa cognp bynaguraH ep BepTukan 4ymMsvknap
epaammaa 6up KaH4a kmcmnapra dparmeHtnapra (3.5-pacm) 6ynuHagn. by dparmeHTnap
YYYH Tanép aHanuTuK evuw ycynnapuaaH doonganaHvnagu.

®dparmeHTnapra 6ynyBuM 4yerapa u4msanknapHuUHr Gapya HykTanapmga dunbTpaums
CYBUHWUHI Bocumn Bup xun geb dapas kunuHagu. Kentupunran cunetpauusa capgpu  Q
TyLWyHYacuHn kmputnb, yHn mumkgopn Kkl Ba Hkl ©OynraHga conuwtmpma cyB capdura
TEHT.

3,4-3,5
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QKKHQ, (3.24)

ByHaa: Q - conuwTupma cy capu, SbHU pUnNbTpauns OKUMUHA
OMpPNWK KEHrNUrura TyFpu KenaguraH capa;
K- 3amuHgarm 6up XMHCAN rpyHTHU omnbTpaumnsa Koad-
PUUNEHTN;
H- amangarn 6ocum;
Q- KenTnpunran dunbTpaumna capdu.

[MaBnoBckun kenTupwunraH capgra teckapym KniiMaT MUKOOPWUHU, LLIAKNHU UNFUHAUCHK

1
Moaynu aeb atab, "'a' yHu anoxuaa kuiimaTu Q_ =¢ HU xap 6up dparmeHTH
r

YUYYH - (pparMeHT WaknMHUHI Mogynu, ByHaa WyHU abTubopra ONuw Kepakku y3nyKCU3ruK
Wwaptura Kypa xap Oup dparmMeHT opkanu 6up xun capd yrtagu, NeKUH YhapHWHP
kynantmacu KH,(Qy)n xap Ovp parMeHT ydyH xap Xun KynamTyBumnapgaH Tallkun
TOMraH.

Xap 6up cdparmeHtaa Hp knoupanaétraH mukgop Qr aca pakaT doparmeHT
reoMeTpuK LWaknmra OOfNMK 3KaHUrMHM xucobra onub, rmgpomexaHuvka Ba Takpubun
ycynnap épaamuga 6ab3n 6up TMNOBOM parMeHTnap y4yH Xam Luakn MOAYIMHN aHMKNaLU
ngogacu UMKoHuUsTMra ara éynuHan.

Xakukataa xamma unbTpauyunsa obnactm yuyH QkKHQ,, xap 6up pparmMeHT yuyH xam
Kynnaarv TEHINUK TYFpy Kenagu.

QkKH1(Qr)1k KH2(Qr)2 K . . . . KHn(Q)n (3.25)
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ByHoaH Hn(Qpn Xap kaHgam kynamtMacu yyyH 6utta doparmMeHTra Termwnmn TeHrnnK
kennb ymkagu.

%KHl(Qr)lK Ha(Qn)2 K . . . . Hn(Q0)n (3.26)

Kentupunran capdra Teckapyu MUKOAOPHM MOC MHAEKCNW xapdnap bunaH 6enrmnad
17(Qnnk®n Ba ynapHu MMFUHOMCUHK Bapya doparMeHT Laknnapu MoaynnapuHUHT MNFUHOUCK
neb6 artab, xap 6up dparmeHTga WykoTunraH GocMM MUKOOPWMHM Kynnparn udopagaH
aHUKNaw MyMKUH

H,... H =<—"H (3.27)

Maxcyc copmynanap €pgammga xap 6up dparmMeHT WaknuMHM MOLYNU Ba YHU
WMFUHOMCUHU Xxmucobnab, pparmMeHTAa WyKOTMAraH OOCUM MUKOOPWUHW aHuKnaw Ba YHW
3MNOPaCUHN KypuLl MyMKUH.

3.4. TnapoanHamuka ycynu.

M'mppoanHamuka ycynura [aBnoBckuii acoc conraH. busra mabnymku mnstpauus
CYBMHM XapakaTUHUHT audpdpepeHuman TeHrnamacu Jlannac TeHrnamacu xucobnaHaau.

dunbTpauusa cyBnapuHmM xmcobnall y4yH, SbHU YHUHT TE3NUMMHKU, TYPAn HyKTagaru
B6ocrvmn Ba capdurHu xucobnall yyyH tokopuaa kentupunrad Jlannac TeHrnaMmacuHn Mabiiym
yerapa Lwapoutnapu yydyH euuw 3apyp. Jlannac teHrmamacuHu 6GeBocuTa ednw aHya
Mypakkab LUYHWHT yd4yH yHM eymwga [Nasnosckun kypcatnb [4, 7] GepraH rpadumk ycynu Ba
OI'JA ycynuaaH cpbonganaHamms.

(padmk ycyn. dunbTpaumnsa cyBnapu xapakaTuHn KypcaTyBYuM Lakn eudpoduHamuka
mypu genvnagn. byHgan TypHu rpaduk Kypuwl MymMKuH. By wakngarm arpyu YnsmknapHUHP
OUp KUCMK anemeHTap XWNFanapHUHr XxapakaTu WNYHanUWWHW Ba WKKUHYM KUCMKU 3ca
bocumnapu 6up xun 6ynraH HykTanapHu kypactubd 6epagu. [vagpogvHamuka TYpUHK
ymsnwaaH aeean OGownaHfnMy MabnymoTnapHu 6unnb onuw 3apyp. Mucon Tapukacupa
rpacuk ycynga ymsunnrad 6up wnyHTNu pnotbetHn kypcatnw MymkmH (3.5-6 pacwm). byHaa
aBBarngaH ukkuta capc neHtacn CpBa C3 xamaga mkkuta 6ocum kamapum C; Ba C, mabnym.

BownaHfny MabnymoTnap aHuknaHnb onnHrangaH CyHr TYpHuU Ynsa bownaHaaw.

BupuHun ranga anemeHTap kunFanap coHum 6enrmnad onuvHagwu, cyHrpa oup xun
BocvmMmnapHu KypcaTyBuM YM3MKap Ymsnnagu.

OnemeHTap XunfFanap opacugarm opanuk capd neHtacu Ba Oup-Ovpura TeHr
B6ocumnap yptacuaarn opanuk aca bocum kamapu neb atanaaw.

Capd neHTanapuHUHr coHu -J1 6ocnum KamaprapuHUHE coHn aca [1
Oounan 6enrnnanagu.

Xap kancu neHtagaH yragurad ounbTpaumnsa CyBRapuHUHE capdun 6up-dupu TeHr Ba
xap kancu kamapgarm 6ocum ucpodprapunnurn Gup xmn Gynuwm ydyH xapakat Typu
Kynngarnda Kypunuiimn Kkepak.

a) hunbTpaum okum TpaekTopuscu bunaH Gup xun GocMMnu YMsmknap ys3apo TUK
Bynub kecuwmLwNapu Kepak;

6) TYyp yxwaw Tyfpu Oypyaknu TypTOypuaknapgaH (AXWMpofFM KBagpaTtnapaaH)
nbopat 6ynuum wapr;

B) KBagpartnap y3apo y3nykcus 6ofnaHraH 6ynuwnapu wapr.
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'MapoanHamuka TypugaH uUnbTpauusa OKMMUHW XamMma KuamatnapuHu (6ocum,
Te3nuk, capd Ba x.) Kynngarnya aHuknaw MyMKUH.

dunbTpauusa CyBNapUMHUHE TE3NUIMHKM TONUW ydyH aBBano GutTta kamapga ucpod
6ynraH 6ocum AH Tonunagu

(3.28)

SHise

3,56
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Xap kancu kamapgarm Nnbe3oMeTpUK HUWabnunK kynngarmya

. AH H
"TAL AL (329)
OyHaa: HkH1-H, - Tabemp kunyBun 6ocum;

AL - 6uTTa KaTakHUHF 3HU;

Hapcu dopmynacura kypa unbTpauma CyBUHUHT (PUIbTPaUNA CYBUHWHI UCTanraH
epaaru Teanuru Kymugarm ngoga vnaH aHuknaHagm

H
3, =K i=K——
) AL (3.30)

5|/|p MOroH MeTp KeHrnnkaaru OuTTa NneHTagaH yTaD,I/IFaH CYBHUHI cap(bvl

As-H H
quﬂqb-Aa):Km:Kﬁ (3.31)

ByHaa kaTaknap keagpat 6ynranga AS Kk AL TeHr Ba ynap kuckapu6 ketaau.
Bupnuk keHrnukgarn punetTpaumsa OKUMUHUHT YMyMUI capdom

JI
q=Aq'J7=K°HE (3.32)

Kenrnurn B ©ynraH MHWOOT oCcTuaaH ytaguraH OKUMHUHT YMYMUI capdum

JI
=K-H—B
0 I (3.33)
WcTtanraH kBagpataaru yptada 1esnmk
Aq
8, = I (3.34)

3.5 OrgA ycynu.

Xo3upru nantaa TypFyH OUAbTPaUUAHN TEKLWIMPULLHW 3HT YMYMWUIW, cogaa Ba Kynawm
ycynn OIJA ycynu xucobnaHagwn. Y foBak Xucmaa punbTpauusHu NaMmmHap xapakaTtu
BGunaH yTKasyBYaH MyxuTAa ANEKTP TOKUHWU xapKaTu ypTacmuaaru yxwallanumkka acocriaHraH.
By ycyn 6unaH Tekucnvkgarn, nnaHgarn Ba pasogarm xap Xun reosioruk Tysunuwgaru
XWHcNnapga ounbTpaunsa cyBnapu xapakatura oug MacanapHu eqmil MyMKUH.
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By ycyn dwvnbtpauma anemeHTnapu OunaH anekTp TOKM ypTacuagarn Kynuaaru
yXLlalurnkKka acocnaHagu.

dunbTpaunsa oKMMm ONEKTP TOKM
Mbe3omeTpuk 6ocum  H, m OneKTp noTeHumanu U, B
dunbtpaumsa koadpduumeHtn K, mrc ConuwTMpmMa anekTp yTkasys-
yaHnuk C, OM™, M*
dunbTpauusa Tesnurun 3, MFC Tok auurui i A.fM
Hapcun KoHyHM OM KOHYHY
9= —Kﬁ—H i= _ca_U
ol o
byHpa (- dunbTpauus nynu /- 3NEeKTP TOKM YTKa3rnyu
y3yHnuru, m Y3YHNUMN, M
Bocum yyyH Jlannac TeHrnamacu OnekTp noTeHuUuanu yyyH Jlannac
0°H ©0°H 0°H 0 TeHranamacy
o> * o> - 0z2 82U+82U+82U_0
BocuM byHKUMSInapy ox* oyt oz’
H=f(x,y,2) MoTeHuman dyHKumsanapu
(DI/IJ'Il;TpaLI,I/IFI captwu U=£(X,y,2)
Q mrc ToK Kyuu
Uerapa waptu I A
CyB yTkasmaiiguraH to3a Yerapa wapTm
OH 0 Tok yTKasmaiiauraH 13a
on ou _ 0
6ynoa  H- 103ara Hopman TeHr on
6ocvmnap tosacy (4usurm) OyHoa N -to3ara Hopmarn TeHr
TeHrmamacu aKBMBaNeHTNap t3acu (Ynanrm)
Hkconst TeHrnamacu Ukconst
Mogen KucMuHu counbTpaums ONeKTp YTKa3yBYN XKICM
KapLunmru, cFMm kapwmnuri, Om
D= & R = ﬂ
K- A c- A
A- yTKa3yB4M KeCcuM t03acu, M
A- OKMM Kecum r3acu, m

dunbTpauunsa 6ocnumm GunaH anNekTp TOKMHM NOTEHUManu ypracmaaru
BbofnaHunw Kynngarvya ndoganaHagu.

Hi_Hmin _ Ui_Umin

H —H U. U — Y (3.35)

Hucbuin noteHunanHn mabnym kummatunga 6ocum  H; kymmparm ndoga €pgammaa
aHuKnaHagw.

Hi:Hnﬂn+(Hn1ax _Hmin).Ur (3-36)
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byHoa U,- 6epunraH HykTagarm HUCbui noteHyman

OI0A acbobura YMMCTOH KapLUMAvK Kynpurin acoc Kunmd onuHraH
AcB0o6bHM ymymunm cxemacu (3.6-pacmpga) kentmpunraH. Ac6ob TabMUHNIOBYKM (TOK MaHbaw,
TpaHcdopmaTop, Ba X.) Ba ynydoByu (AromeTp, Kapwunuknap marasvHu, ranbBaHOMeTp Ba
YNYOBYM UrHa) 3aHXUpaaH TallKuI TONraH.

Mogengarn anekTponutga Oup  Xun  nNOTeHUMannuM  HykTanapHu Tonuw Ba
SKBUMNOTEHUMAN Yn3nKnapHu Ynsnwaad néopart 6ynaaw.

OneKTp YTKasyBYM CUMHUHI MKKUTa napanen Tapmorugary ymymum ukkuta A Ba B
HykTagarm noteHuwanu U; Ba U, 6ynca, MaHa LWy WKKMTa napanen Tapmokaa
noTteHumannapu ysapo TteHr 6ynraH ukkuta C Ba D HyKTanapHu Tonuw MyMKuH (3.6-pacm).
[[anbBaHOMETp cCuMMNapu WKKATa napanen TapMoK OunaH OupnawTupunca, TOKHUHT
noteHumMan kyn OynraH TOMOHOAH noTeHuwan o3 6ynraH ToMoHra Kapab OKWLWWHK
ranbBaHOMETpP CTpernkacu kypcatmb Typaau. Xap MKKana HykTtagarn noteHuuannap ysapo
TeHr 6ynca, ranbBaHoMeTp cTpenkacu 0 pakamu octuaa Typagn. Ri Ba R, kapwuvnuknapHu
6unran xonga [l HykTaga kenTupunraH noTeHunan MMKOOPUHU Kynuaarn ngoaa épagammaa
aHuKnaHagu.

UKR1fR (3.37)
byHpa: RkR1KR2
RkR1KR>

OINOA ycynupoa dunbTpauusa mMacananapuHiM eyul Xapakat TYpuHU Kypuw OunaHd
AKyHNaHagw.

Mogennaw MmacwTtabu Ba yXLWwalufnk KpUTepusicu.
TypfFyH unbTpaumsga mogennail maclutabnapu.

MacwTab MapameTtpnap Ba
MacwTtab dopmynacu Ba yn4oB Gupnivknapm
YHUHT yryamnapu HaTypaga mogenga
YHnanknm o - X Vv Z ynuamnap, /, m ynyamnap [, m
! X/H YM ZW
KoopAvHaT koopauHaT
6 AH H. —H. |oo? X, You Zu
ocum = _ P ~ M in SKMM Gocumn 3NeKTp NoTeH-
AU U -U_. M unanm U, B
yTKasyBYaHMK bunbTpaLms MOAEHU COMULL
a,=K,-p,=K,-p,.,... K - A
K =% P =8y Pro n " Pn | K0adhPULMEHTU TYPMa KapLUM-nnru
(M“Om)Fc K, mfcC 0,0M- M
Capd 5 ,
capp Q, mFc
- Yo TOK Kyun |, A

MoOenHuHr 4MsuknM MaclwTabu, modenda WWnawHW Kynan 6eynuumnHuM  Ba
onuHaguraH HaTuXanapHu eTapnu aHUKNUIMHKU TabMUHNALWHK XMcobra onvb TaHnaHaaw.
YXWaLLnMK KpUTEPUSICH YXLIALNUK JOUMUANUIA HUCGATK XMCoG-naHaaw.

A, oy O laQ=1um a0Q=a, o, oy (3.38)
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MogennalwlHWHr Yerapa wapTtnapu.

1. HaTypa Ba MogenHu Tallky Yerapacu reoMmeTpuk yxwail 6ynuiwmn kepak.

2. dunbTpaumsa obnactu 4derapacmga HaTypagarm 6ocum Ba mMoaengarn anekTp
noTeHumManu yxwatl 6ynuiimn kepak.

Xap xun yTkasyBYaHNuKka ara OynraH (xap xvn dunbTpaumsa koadduumneHTura)
unbTpaumna obnacTUHU WMYKM Yerapanapu reoMeTpuk yxwaw Oynuwm kepak, xap oup
Katnam conuTupmMma anekTp yTKasyBYaHNUrMHU unbTtpaums koadduumeHtTura Hucbatm
Kynugarm npoga épaamuaa TaHnaHagu.

S U DR o < o
p K py K, Pn Ly K, K, K,
(3.39)
1 1 1
OyHgpa T Cl,p_ =Cy..—=C, . xap 6up KaTnamHM CONULI-TUPMa 3NEKTP
1 2 n

yTkasyByaHnuru, Ki, Kz, Ks, .... Ky- kaTnamHmn unetpaums

koacppuumeHtnapun; Py, L ,... P, ,- CONUWTUPMA KapLUUIIUK.
4. CyB yTKasyBuM kaTnam uyykypnurn t, 6ocumnm Tekuc unibT-paumsi OKUMUHK

MOAENMN Y3YHNUIN ! Kynugaru wapt 6yrnmya 6enrmnadagu. (3.7- pacm)

3,6
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3,7a0
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3,78Br

37



(=0,+(3+4) (3.40)

OyHaa: /- TEKWUPUNAETraH MHLLOOT ep OCTU KOHTYPW CyB yTKa3manamraH KMCMUHM

FOpU30oHTan NPOEKUUSICU Y3YHNUTN.
3amuH yTKadyBYaH KaTnamu KanuHnurm ¢t — oo 6ynca rgl.5¢, ne6 kabyn kunuHagw.

(3.7-pacm). bByHaoa Sp- ep OCTM KOHTYpW BEPTUKAI MPOEKUNACK Y3YHITUTN.
5. bocMmcuna unbTpaums MOOENUHU Y3yHnuUrn Kymugarmda 6enrmnanagun. (3.8-
pacm.)

(=b+4t (3.41)

OyHaa b- TyFOH TYOUHWHT apeHax bownaHryHraya 6ynraH KeHrnuru.
Arap cyBTYCUK kaTnam Xyga Jvykypaa xownawraH 6ynca dunbetpauus obnactuHm
nacTKu Yyerapacu Kynmagarnda aHuknaHaau.

tk2.5b ékm tk5H (3.42)

LWy nkkncmaan kattacu kabyn kunuHagu, byHaa 14 (3.41) cbopmynagaH aHukKnaHagw.

6. Xap xun kaTtnamnu 3amuHniapga, arap lkKopura KamcyBYyTKasyBYaH KaTram
KyncyByTKasyBYaH katnam ycrtura TywanraH bynca y xonga mogennaw obnactn ysyHnurn
Kynugarura TeHr eb kabyn kunuHagw.

(=0,+10, (3.43)
T -t
6y|.|'qa KU >1.5 % (3.44)

min

CyB VyTkasyBuM KaTnamnapHu  YTKa3yBYaHIMK  WWFUHOWUCK  Kyn  KaBaTiu
3amuHnapga(3.9-pacm).

TmaxkK212KK3-t3KK4 -ty (3.55)

MKKWN KaBaTIinM 3aMunuHa

TmaxkKz-tz (346)

3,8
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3,9
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Hasopart yuyH caBonnap

MMapoTexHnKa MHLWOOTapy 3ammHmuaarn 6ocumMmnmn punbTpaumsHn xucobnallHm
KaHaanm ycynnapuHun bunacms?

®dnbloTbEeT ep OCTU KOHTYPUHW 3reMeHTnapura HuMmanap Kkmpagu?

Bocumnun pmnbTpaumsaHn xucobnalHm rmapomMexaHuK YCYSIMHU TYLUYHTUPUHE?
Bocvmnu punbTpaumsiH xmcobnaluHn Kapwunniuknap KoamuUNEHTN YCYNNHK
TYWyHTMPMG 6epuHr?

Bocvmnu omnbTpauusaHu doparmeHTnap yCynuHm TyWyHTUpUG 6epuHr?
M'mppoanHamuka ycynu Huma?

M'mopoanHamuka Typu épgamuaga ounbTpauus OKMMKU MapamMeTpnapu KaHgau
aHunKnaHagn?

OI'4dA ycynu Huma? Ba y kaHOanm yxwalunmkka acocnaHraH?

OIAA ycynuga 6ocumnu ounbTpauusaHn aHUKNALWHN TYLUYHTUPUHE?

Bocumens punbtpaumaHm SMOA ycynuaa kanganm aHuknangm?
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4 BOB PYHTNN TYFOHNAPHUHI ®UNbTPALMA XMCOBW.

4.1. TpyHTNM TYFOHNapAa TYpFyH ounbTpaums Xucoou.

dunbTpauunsa xucobnapn ounbTpauna OKUMKU TE3NUIM Ba rpagneHTUHU, genpeccust
rpy  YM3UFU  XOnaTuMHM Xamaa unbTpaumMs OkuMKM capdUHU  aHWKNaw Makcaguga
baxapunagn. Kepaknu xonatnapga ywoy napameTpriapH/ Ha bakaT TYFOH TaHacuga YHU
3aMVHU Ba KUPFOFU YYYH Xam aHuknaHagn. dunbTtpaumsa xucobnapuHun Gaxapul yyyH
ONAVHAAH WHLIOOT XMCOOUM KECUMUHW, OPEeHaX Kypunmanap TUNUHUM TYFOH TaHacwu, YHU
anoxuga KmcMmnapu Ba 3amMmuHu unbTpaumnsa Koad@uUUMEHTUHN Benrnnail Kepak.

dunbTpauua xucobnapu HaTwkKanapugaH TYFOH KUANUIM  TYPFYHAUTMHW, TYFOH
TaHacu, 3aMUHU Ba KUPFOFU TPYHTUHM unbTpauusra Kapwu MycTaxkaMinrmHu
xucobnawpa, xamga TYFOHHU KOHCTPYKTUB 3fiEMEHTNapyu 3Hr Kynam ynyamnapuHu
acocnawga donganaHunagn. YHOoaH Tawkapu dunbTpauma xucobnapu, cyB ombopuaaH
yHU Tybura cusaétraH cyB MUKOOPWHW aHWknNab, yHra kapwuv 4vopa-tagbupnap 6enrmnai
UMKOHUATUMHU sSipaTau.

(PYHTNM TyFOHMapHW unbTpaums xucobnapuga rmgpoMexaHuk, rmapasrivk Ba
Taxpuba ycynnapmgan gorganaHml MyMK1H.

Xo3upru nantaa punbTpauusa xucobnapHUHr Xyaa Kyn aHanuTuK ycynnapu MaBxya.
Kyrnga aHr Kyn yypanauraH TyFoH Typnapu y4yH xmcobnap KentupusraH.

4.1.1 Acocu cyB yTKasmanguraH TyroHnap.
1. Bup XuHcnn gpeHaxcus TyrFoHnap (4.1-pacm)

H,+H, =Lp/m2 _\/(L 2)2(H1 +H2)2 +H,

LoKALgKL
Lkm1hsKbrpKma(H1Khs)
ALg KB-H1; BrkmaiF(2m1K1); m1>2; Bk0.4

p/m

le _(Hz +H0)2
"L, —m,(H, +H,)]

V=JH}-2q,/K, x

qr =K
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2. Bup xuHcnn gpeHax GaHKeTNn TYFOH (4.2-pacm)
H-H;
2L

p

qr =K,

LoKLKALKAL; ALs kmaHiF(2maK1); ALk 7, L, 5 Hokf (m))q/ K, — H,
f(m)=0.36 m, =1 6ynranpa, f(m,)=0.28 m, =1.5 6ynraHaa,
f(m)q/ K, <H, 6ynraHaa Hok0 fe6 kabyn kunuiiu kepak.
2
V =g/ K, L—xAL,)+(H, - H,)
V>H —q/K,eaV<H +q/K,

GynraH xxovnapga genpeccusa arpn Ynsurm Ky3 bmnaH yamanab TyrFpunaHagu.
3. Bup XuHCNKN KN gpeHaxnu TYFoH (4.3-pacm)

H>-H:
:K 1 2
qr T 2Lp
Oy epaa: LokLKALg; ALgkmiHif(2m1K1);
2
Hy=a+ |a* + 7 > Jig
24+(m") K,

a=05f(my)q/ K, —05{+m,/2[f(m,)R}H?
f(my)=H,K,/q; Yz\/(Zq/KT)(L—x—m2H0)+(H2 _Ho)2

Y2>H, - q/KT Ba BynraH xxonnapaa genpeccus arpu YnM3nsn Ky3 bunan kypmnb Tysunaau.
4. Bup XMHCNK KyBUP OpeHax TyfoH (4.4-pacm)

2
H,
T
2Lp
LpkALsKL
ALg KBp-H; Brkmif(2m:K1); m1>2; k0.4

V=\Qq/K ) L-x+Lq)

qT:K

6y epga: Lg=05q/K, Y >=H,—q/K, Ba 6ynran xoinapaa genpeccusi arpu
4n3unFKn Ky3 GunaH kypmb Tysmnagu.

5. OkpaHnn gpeHaxcus TyFoH (4.5-pacm)

Homabnym knnmatnap q,h, Ba Y yyta TeHrnamanap cuctemacu épgammaa
aHuKnaHagw.
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H!—h’-I
q= T1+
2no,, sina
hl -y’
=K. -
q W
h? —h’
:K i 1
q T 21,

By epaa: Lkdcpcosa; NKK:FKs; Sepk(81KSe)F2;
hy=H,+L/m,—(L/m,)*—(h —H,

2
LikL-mohy; V = \/hiz _%me

6.Aoponun TyroHnap (4.6-pacm)

a) suptyan ycyn épaamuaa SnpkdspK:FKs); dapk(0.KOs)f2 xmucobra onmb aaponu TYFOHHK
OMp XMHCNK TyFoHra kentupamms. KenvH dountbpaumsa xucobnapuHu xyoam eup >KuUHcnu
TYFOHNap kabu 6axxapamma.

0) KaTTa xaTonapcusa xucobnapHu a4poAaH KENMNH Oenpeccust arpy YU3UFUHU KypuLL

Ba (ounbTpauusa CyBu MUKOOPUHM aHMKaw GunaH YeknaHmw MyMKUH.

H
h = !

1+&.5cp
K L

A

V=h.x/L,

6y epoa: Ly =L+
xonga: LokL)

L= hz /2 (L HY KMAMATUHKM XMcobra onMacsiuk MyMKUH, Y

hy=L2+h} —L
KTH12

- K, o
201+ 12
K, 6 L
4.1.2 Acocu cyB yTkasaguraH TyFoHnap.

1. Acocu cyB yTKasaguraH 3KpaHnu Ba MOHYpnuM TyFOHNap, nacTtkm bbedpa cys
oynranga (4.7-pacm)

izz. Hl _(h2+H2) —£|:T+(H2 +%j&:|

K, n L +m(h+H,) L K

h =L +h>—L

y> =2h -x
n 2 1,8 1,6 1,4 1,2 11 1,05 1,02 1,15
Bfr 1 1,9 2 2,7 4 8 12 16 20
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TeHrnama rpaduk ycynuga edmnagn. he HU 6up Heda kuimatuHu 6epmnb asean
TEHrnaMmaHn yHr TOMOHUAAH, CYHrpa WKKMHYM TOMOHMAAH ( HWU MukKZopwu Tonunagu. he,q
KoOpAMHaTNapuaaH MKKUTa arpu YnsmkK Ymsnnagun Ba ynapHu KecuLuraH XXomm he HU Xakukui
KnimaTtura TeHr 6ynagu.

2. Acocu cyB yTKaszaguraH 94ponv Ba ApEeHaXnNn TyFoHMNap, nactkn dbedaa cyB nyk

oynranga (4.9-pacm).

. H+2HT
1+K, /K-S, /L

2 2
g=k, LD -T° y=h\/E
oL L

3. Acocu cyB yTkasaguraH SKpaHnM Ba MOHYpNW ApeHaXcus TYFOHSap, NacTKu
bbedaa cys nyk 6ynraHga (4.8-pacm).

T(H —h h h, K
q: (1 e):_e(T+_e_T

K, nlL +L) L 2K,
hlzi_ L_zz_hcz;
m, \'m,

v, :hj_zq_T.x
T

4. Acocu cyB YyTKasaguraH 3KpaHnu, MOHYpPNM Ba APEHaXIM TYFOHMap, MacTku
bbedaa cys nyk 6ynraHga (4.10-pacm).

h=

);

K, n(L,+L) L 2 K,

h
hy=\L+h —L. sz

y2|<2h1x Oy eppa: L-genpeccusi arpyu YMBUFUHU OPEHaX uyura KupraH KUCMUHU
y3yHnurn. tOkopuagarn TeHrnamagaH TaHnaw mynu bunad
he HU KUAMATUHMN aHMKNAWMUS.
5. Acocu cyB yTkasaguraH 3KpaHnM Ba MOHYpPHWM APEHaXcu3 TYFOHMap, NacTku
6bedpa cys 6ynraHga (4.8-pacm).

)

q _ T(H —h,) _ h, — h, (T_|_he+h0 K,
K, n(L +L) L 2 K,
L L
hl_hoz__\/_zz_(hc_ho)2
m, m

dunbTpaumna xucobnapuga TYFOHHUHT 1 n.Mm y3yHnurngarn unbTpaumus cyerapu
capduiaH Tawkapu TyFoHOaH yTaéTraH yMyMuin cyB capuHu xam bunuw kepak. ByHuHr

YUyH TPYHT TyFOH y3yHnuru Gyiuua katop £,,f, {5 ¢, yuvactkanapra 6ynuvagu. By
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yyacTkanapga TYfoH ongugaru cyBHu yptada 6ocumm moc xonga Hi,Ho,Hs,Hy 6ynaan (4.11-
pacm).

tOkopuaaru kentupunrad undpopanap €pgamuaa xap 6up ydactka ydyH TyFOH Tunura
kapab i, 02, 03, g4 Ba X. PunbTpaumnsa cys capdu aHUKNanmMms.

TyFoHOoaH YyTaétraH dunbTpaums CyBnapuHu ymMymumn capdu anoxuga yyackanap
cyB capUHN NUFUHOUCUTA TEHT:

QZQIgl +QQ€2 +q_7,€3 +q4€4....

Oy epaa: Q-TyfoHOaH cuaunb yTaéTtraH ymymMunin cys capdu, M3F0yT.
Xucobnaw gaspuaa Kynngarn 6enrunap kabyn KMUnuMHraH:
Brp-TYFOH YCTKU KMCMW KEHITNIH;
Hs-TyfoH YCTKMU KUCMWUHWHT HOKOPU obed cyB caTxuaaH
OanaHonuru;
M1 Ba My-tOKOPU Ba NACTKW KUSNNK KO3 PULMEHTNAPM;
H;-tokopu 6bedgarn cyBHU YyKypIvru;
H,-nacTtkmn 6bedarn cyBHU YyKyprvru,
K:-TYFOH FPYHTUHWUHT oUnbTpauma KOSappuumneHTu;
Ko-TYFOH acocuaarv rpyHTHUHE ounbTpauuns KoapuumneHTy;
Ho-Oenpeccust arpn YM3UFUHUHE NACTKN KNANWKAAQ YMKaguraH HykracugaH nacku
Obedgaru cys catxurada dynraH macoda;
Ks,Kq-TYFOH 3KpaHu Ba agpocuaarm rpyHTHUHT ounbTpaumna KoappUUNEHTH;
hy-9KpaHHWHT NacT TOMOHUAA TYFoHAArn UNbTPaLNA OKUMUHWUHT YYKYPINTW;
Ol,-3KPAHHWHTI TYFOH Tybura HucbaTaH ofuww Bypyaru;

53 s 5}1 -9KpaH Ba AOAPOHUHT ypTaqa KaJTMHITUT I,

To-CyB yTKasaguraH katnam YyKypnuru,
L+ye-TYFOH OCTUHWHI KEHIINTL.
KonraH 6enrmnap xucobnaw cxemacmaa KypcaTunrat.

4,1-4,3
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4,4-4.,6
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4,7-4,8
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4,9-4,10
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4,11
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4.2. BanaHpg rpyHTNY TYFOHNapHU puUnbTpaums Xmcoou.

BynHgoan TyroHnapHu xucobnawxun B.M.Hegpura Ba I.M.[MokpoBCckun Taknud kunrax
yCynuHu kypmb udmkamui. byHganm TyroHnapga, avHukca ©ofnaHraH rpyHtnapgaH mbopat
Bynca ynapHu rpyHTnapuHu usmnk-mexa-HuK Ba ounbTpauusa napameTpnapura TyFOHHU Y3
OfUPNIMrM Ba CyBHW rnapoctatuk Gocvmun eTapnu Tabcup Kypcatagu. by xonat ynapHu
GunbTpaumna xucobuga TYFOHHM KyudnaHraHnvk-gedopmaums xonaTuHU xucobra onuLw
KepaknuruHm 6enrunangu.

KyuynanuwnapHy aHukKnaiwiga TYFOHHW TaLlKWU KUraH rpyHT 6mup >XMHCnm n3oTpon Ba
YN3NKNN-gedopMaLmsanaHyByYn XUCM, SbHU OedopMaLms YHU XOCUI KUMYyBYM KyudnaHuLira
nponopumoHan aeb kabyn kunuHagw.

XucobnawHn opgaMi  xonatmga TYFOH TaHacu wnumparm 6Gocum  TakpubaH
rmgpocTaTuka KoHyHn Bynnda TapkanraH geb kabyn Kunuw MyMKuH, y xonga TeHr bocumnap
ynaurm (4.12-pacm)ga KypcaTunraH CUHUK YN3nKNap KYPUHULLIMHL Oonagw.

3nunoBYM HarpyskaHu 6ofnaHraH rpyHT dounbTpauma KoadduumeHTura TabCupuHmn
yHU nabopartopusga ovnbTpauus-komnpeccus acbobumaa tekwmpmnb GenrnnaHaan.

4.12-a.pacMmga KypuyHnG Typubauku KyudnaHraHnuk-gedopmaumsanaHuw xonatnga
TYFOH TaHacu unbTpaumsira HucbataH, punbTpaums koadduumeHTnapu Z Ba X yknapu
Byinunya ysrapysum obnact xucobnaHaguw.

byHoan obnactga dunbTpauusHu  xucobnaw  mypakkab  macana.  ByHu
cogfanawTmpuwl ydyH counbetpauusa koadpdpuunetn Z Ba X yknapu Oynuda ysrapyBuum
GuUnbTpaunsaHN Xxaknuknin obnactnm yHu dounbtpauuns koadduumeHtn dakat Z yku 6ynnya
y3rapaguraH ¢uKTMB BupTyan obnactra kentupunagu. byHoan kentupuw  anoxuga
yyactkanap 6ynuda kynmagarn ndpogagaH pongananHnb amanra owmpunagu.

S SRV ¢

0o = g, 2ol
" ;Km—l _Km " Km
(4.9)

OyHoa:  K,-TYFOH TaHacu rpyHTUHWM YHU YYKKMCUHKU TyFpucuaa Tybuaarn kucmuaa
JunbTpauma KoOapPUUNEHTH;
¢, -ydacTka ysyHnurum (/,,/, Ba X.);
Km-1- KypunaétraH ydacTKaHuvHr 6olnaHuw kucMmuaaru dunsTpaums
KO3 pULUNEHTH;

4,12
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Km - ywa y4yacTKaHUHI OXMpru kucMmmgarn punstpaumsa Ko OULMEHTN.
Mwucon, TYFOHHW OKOPU KUCMKU Y4YyH (4.12-pacmpa kypcatunrad) (4.9) wudoaa
Kynugarm KypuHuwra ara 6ynagu.

) 2
aepl Kl —K2 K2 Kz _K K (4.10)




LWyHpan nyn 6unaH TYFOHHU 3aMUHKU BYnMnYa Xakukum KeHrnurn £, (eep kenTupunagw.
CyHrpa dunbTpaumsa OKMMUHK napameTprapu, punbtpaums KodadduumeHTn dakat Z  yku
6ynuua ysrapaguraH KenTupunraH TyfoH TaHacura HucbaTtaH aHvknaHagu.

BepTyan TyfoH TaHacu rpyHTUHM unbTpaums koddduumneHTn anopacu napabona
KypuH/LLIWra ara

YHUM TEHrNamacu Kynmaarn KypuHuira ara ynagw.

K. =A(z-H,)’+K, 4.12)
6yHoa: Hun- TYFOHHM Kypunuiu 6anananuri
KZ - Kn
A= g (413)

OyHoa: K: - rpyHT KaTnamMuHU TYFOH YyKKucuaarnm knemmaa
dunbTpaumna KoappuUMeHTH.
dunbTpauua xucobnapuga TYFOHHM Tpaneuuodan KMcMuaa KopU KUCMU KUAIUMA

kenrmurn AL Oynran TyFpu 6ypyaknu npmama dmunaH anmawTupunagu.
AL = f-H, (4.14)

6yHaa: [ - TYFOH TaHacuHM BUP KMHCMAaCHUK aapaxacura 6ofnmK
KoapbpumumeHT (4.12-pacm).

o=K,/K, (4.15)

TYFOHHWN XUCOOUI KEHINUMN
L,=L,+AL (4.16)
6yH'D'a: LO :ml’ (Hn/z _H1)+b+Hnﬂ .mVZ (417)

TYFOHHM BUPNWK y3yHNMKAArn punbTpaums capgu

) L,-H2L,-my,-H, H} L Lp—m'z-Hlf Lp
, , - - , n , +
1 m, 2-m, 6 m, m, L,—-m,-H,
q=— ,
m L —m,-H
B e e e e
m, LP—mZ-H1

(4.18)
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dunbTpaLmMa OKMMUHU NACTKM KUSAMMKKA MKW GanaHanuri hy
Kyvaarn TeHrnaMaHu edMMuaaH Tonunaau.

h,=(Bh; +C)—q=0 (4.19)

A .
6yHaa B = gSln(P; C=K, -Singp (4.20)

@-NacCTKN  KNANUKHWU Tropu3oHTra ofuw  Bypyarn (4.19) TeHrnamaHu YnMKuLL
GanaHanurnim 4-5 ta kunmaTtuHn 6epunb rpadoaHa- NUTKK ycynga evui
Makcagra MmyBodouKaunp.

[dvnpeccusa arpu ynmsmnsn Kynngarn ndpoganaH aHukKnaHaau.

1 A 4 4 Kn 2 2
Xgup = Lp —{mzhb +E(hx —h, )+ 2 (h; —h;) (4.21)
H >2h >h, 6ynraHaa

(4.21) TeHrmamagaH aHWKNaHraH BepTyan TYFOHHW AENPeccust arpu YU3UFUHK
opAvHaTanapu, Xakukum TyFoHra kynungarm npogagaH pongananmb kymmnagu.

XKXBMP'LZFLBMPZ (4.22)

4.3. dunbTpaumsra kapLum Kypunmanapu éynvaran
nopTnatmb KypunraH TyfoHnap xucobu.

By TyroHnapHu xucobwu B.M.Heppura Ba [.W.[lokpoBckun ycynu Gynnda amanra
owmpamma.

Kosi rpyHTNapgaH KypunraH TyFOHNapga CyBHW XapakaTu TYFpU YM3MKMac KOHYyHra
GyncyHaguw.

9. =—K_(dh/dx)"" (4.23)
OyHAaa: 19x -hunbTpaums Tesnuruy;
Kz-TYFOHHM GanaHanurn 6yrnya y3rapyBuu dunbTpauma
Koa(ppuumneHTn.

2>n>1-MMKOOPW MHLWIOOTAArM ypTada rpageHtra kapab Kyhvparn >xagsangad
aHuMKnaHagu.

| n
0.05-0.10 1.20-1.25
0.10-0.15 1.25-1.30
0.15-0.25 1.30-1.40

TYFOH TaHacu rPyHTUHU  Z ykn 6ynmya xap kangan Hykracugarn punbTpaumsi
KoadhpumumeHTn TakpubaH napabonuk ndoaa 6unaH aHUKIaHULWKM MyMKUH. (4.13-pacm).
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KZ ZAZZ+Kn (4.24)

OyHaa A-(4.13) ndbogagaH aHuKnaHagu.
TYFOHHNM BUPNUK y3yHNuKgarn unbpaunsa capgm

g=0/m)"" (K, -H, -J, +AH; -J,) (4.25)

6ynpa: J,,J,,1/npaa=H/H, napametpnapura 6ofnuk Ba 4.14 xamaa 4.15 -
pacmgaru rpacukaad onvHaguraH koadpdpuumneHTnap.

4,15-4,16
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[enpeccus arpy  UM3UFUHU  KMAnNuKka Yukuw  6anaHanurn  (4.19) wndopapaH
aHuKnaHagw.
OyHaa

A . p
B= g(Szn@” . C=K, -(Sinp)"" (4.26)

Xamma kentupunraH xucobnap TYFOHHU KMAnurm Tk Gynrad xonat y4yH 6epunraH.
Tpaneuns KypuHuwAaarn TYFOHNap y4yH HOKOPU KMCMU KEHTNUrm AL  ©ynraH Ba (4.14)
npoaaH aHvknaHaguraH TyFpu Oypyaknu npusma Ounad anvawTtpunagn. byHpoa g

koappuumeHtn  1rnk0.7-0.8 6ynranga 4.16-pacmgaH onuHagn, 1fn~0.5 Ba m;>1
bynraHga £=04.

Hasopat yyyH caBonnap

=

[PYHTNM TyFOHNapaary TypFyH punbTpaums geraHga HAMaHu TylwyHacums?

Huma y4uyH rpyHTnM TyFoHnapgarn unbtpauma 6ocmmcns xmcobnaHagn?

. TpyHTIM  TyFOoHNapHu dunbTpauma xucobu Eépgamumga  OKAMHM - KaHOau
anemMeHTnapv aHvknaHagm?

Bup XuHCNM 3aMuHM CyB yTKasaManmauraH TrpyHTNM TYFOHHU unbTpaums
XMCoOWHM bunacuammn?

Anponu TyFoHHM unbTpaumnsa xucobmHu BupTyan ycynmHu bunacmsmm?

OKpaHnn Ba NaHypnu TYFOHHU UbTpaunsa XMCOOMHU TYLLUYHTUPUHT?

BanaHa rpyHTAn TyFOHNapHW unbTpaums xucobu kangam 6axapunagm?
dunbTpauusara Kkapwm Kypunmanapu 6ynmaraH noptnatub KypunraH TYFOHNapHU
unbTpauna XMCOBUHU TYLLYHTUPUHT?

B e

©NOo O
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